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(57)Abstract: 

PROBLEM TO BE SOLVED: To develop a bubble detecting method and a bubble 
detector for a liquid pump that can detect bubbles in liquid being disposed 
outside a liquid pump system, distinguish the generation of bubbles from 
mechanical vibration and cope with various pumps. 

SOLUTION: In this bubble detecting method for the liquid pump 2 that delivers 
liquid L sucked from a suction pipe 4, to a discharge pipe 6 and moreover 
performs liquid lubrication between a rotation body and a spindle using the liquid 
L, ultrasonic wave is sent into the liquid discharged from the discharge pipe 6, 
and ultrasonic wave having passed through the liquid is received to detect the 
generation of bubbles in the liquid by the attenuation of receiving intensity of the 
ultrasonic wave. The generation of bubbles B in the liquid is detected by the 
bubble detecting method, and the occurrence of abnormality to the liquid pump is 
informed by the bubble detection. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The cellular detection approach of the liquid pump characterized by to send out the liquid absorbed from the suction 
pipe to a discharge tube, to send a supersonic wave into the liquid breathed out by the discharge tube in the liquid pump which 
moreover carries out fluid lubrication of between body of revolution and main shafts using this liquid, to receive the supersonic 
wave which has passed this liquid, and to detect gassing in a liquid by attenuation of the receiving reinforcement of a supersonic 
wave. 

[Claim 2] The malfunction detection approach of a liquid pump of reporting having detected air bubbles having been generated in 
the liquid by the oellular detection approach according to claim 1, and abnormalities having occurred on the liquid pump by this 
cellular detection. 

[Claim 3] In the liquid pump whioh sends out the liquid absorbed from the suction pipe to a discharge tube, and moreover carries 
out fluid lubrication of between body of revolution and main shafts using this liquid The ultrasonic transmitter and ultrasonic 
receiver which are arranged by the discharge tube near the delivery of a liquid pump, Cellular detection equipment of the liquid 
pump characterized by detecting gassing in a liquid when it consists of detection control circuits which receive the supersonic 
wave which was discharged from the ultrasonic transmitter and has passed through the inside of a liquid with an ultrasonic 
receiver, and detect receiving reinforcement and receiving reinforcement declines. 

[Claim 4] Cellular detection equipment of the liquid pump according to claim 3 which carries out opposite arrangement on both 
sides of the liquid which flows said ultrasonic transmitter and ultrasonic receiver. 

[Claim 5] Cellular detection equipment of the liquid pump according to claim 3 which arranges said ultrasonic transmitter and 
ultrasonic receiver to the same side to the flowing liquid. 

[Claim 6] Malfunction detection equipment of the liquid pump characterized by including the alarm circuit which reports the 
abnormal occurrence of a liquid pump through cellular detection in said detection control circuit in cellular detection equipment 
according to claim 3, 4. or 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the cellular detection approach of a liquid pump of conveying a liquid, further, in the liquid pump 
which performs fluid lubrication of a main shaft and an internal-rotation object using the liquid conveyed to a detail, this invention 
detects air bubbles with a supersonic wave, detects the abnormalities of the fluid lubrication section, and relates to the cellular 
detection approach of the liquid pump which reports the abnormal occurrence of a liquid pump, and its equipment. 
[0002] 

[Description of the Prior Art] Generally, when conveying a liquid to the pipe line, the method fed with a liquid pump is taken. Also 
in it, in order to carry out full cutoff of the liquid spill with liquid pumps which convey a dangerous liquid in part, such as chlorine 
water, an inorganic acid, an alkali solution, a salts water solution, and an organic solvent, the body of revolution for feeding is 
sealed in a pump body, and the pump method which rotates body of revolution with external power by non-contact is adopted. 
[0003] The example of a type of such a liquid pump is a magnet pump. The bearing of the rotation of body of revolution with the 
impeller for feeding is made a main shaft is placed in a fixed position inside casing, and free on the periphery of this main shaft by 
example of a magnet pump. An inner magnet is fixed to this body of revolution, and the outer magnet by which drive rotation is 
carried out is arranged on the outside of casing, and it is constituted, 

[0004] Actuation of this magnet pump is as follows. Between the outer magnet and the inner magnet, magnetic polarity is 
adjusted so that the magnetio attraction or magnetic repulsive force may act. If electric rotation of the outer magnet is oarried 
out, with magnetic force, an inner magnet will carry out follower rotation and, as a result, body of revolution and an impeller will 
rotate within casing. A liquid is sent out by rotation of an impeller to a discharge tube. 

[0005] A liquid flows backwards in part also to the background of body of revolution, in the minute gap between body of 
revolution and a main shaft, serves as a ** style, and it is not only sent out to a discharge-tube side, but flows, and it returns to 
an impeller side again. The ** style of body of revolution and the transportation liquid which flows between main shafts produces 
a fluid lubrication operation of a self-cycloid type into this bearing part, and guarantees smooth rotation of the body of revolution 
on a main shaft, and the steady operation of a magnet pump. 

[0006] The typical damage on a liquid pump occurs, when air bubbles are generated in a liquid. These air bubbles are generated 
by disassembly of invasion of the air from the outside, cavitation, and a liquid etc. Although many of air bubbles will flow into a 
discharge tube if air bubbles are generated, some air bubbles are lost in the style of [ which flows between body of revolution and 
a main shaft ] **. Since the gap of body of revolution and a main shaft is very small, the gap has often been blocked by it with air 
bubbles. 

[0007] The blockade of the gap by air bubbles means that between a main shaft and body of revolution will be in a half- 
desiccation lubrication condition or a solid lubrication condition. Consequently, sinoe rapid frictional heating arises into this 
bearing part and heat conduction by the ** style does not function on it, exoergic damage occurs, and this damage makos 
breakage of the whole pump occur as a result at the same time it shortens a bearing life. 
[0008] 

[Problem(s) to be Solved by the Invention] In order to detect this damage, detect a discharge pressure from the former, detect 
the liquid temperature in a pump, the motor necessary current for a rotation drive is detected, or the method of detecting 
vibration of a liquid pump has been taken. 

[0009] Since the method of detecting the pressure and temperature of a liquid must be immersed into a liquid in a sensor, a 
corrosion prevention design and a fluid-tight design are needed. Especially, with the reactant high liquid, it might become difficult 
to protect a sensor from a liquid, and the worst situation of axsorption of a liquid might carry out. 

[0010] The method of detecting an abnormal occurrence from change of a motor necessary current is the high approach of 
versatility. However, a remarkable change of a necessary current cannot be checked to gassing in fact, and it is not practical. An 
oscillating detection method is a method with which development is furthered most. This method will use the property which a 
different vibration from usual generates, if air bubbles invade, and it detects particular vibration with the sway sensor attached in 
the case of a pump. However, it is difficult to distinguish usual mechanical vibration and a usual shimmy, and since vibration 
changes also with perimeter environments, using widely is not expectable for the time being. 

[0011] That is, the engine performance required of the malfunction detection of a liquid pump is being attached easily, that ** 
endurance is high and a maintenance is easy, etc., without contacting that the abnormalities in ** and normal are distinguishable, 
that it can respond to the liquid pump of ** versatility by the same sensor, and ** liquid. 

[0012] Therefore, the malfunction detection approach of the liquid pump concerning this invention and its equipment aim at 
detecting gassing from change of the receiving reinforcement of a supersonic wave, satisfying four sorts of engine performance 
mentioned above using the property which the supersonic wave which passes a liquid decreases with air bubbles. 
[0013] That is, since the frequency band to be used is a field higher than mechanical vibration, it can distinguish a shimmy and a 
supersonic wave. Since what is necessary is just to attach an ultrasonic transmitter-receiver in the piping exterior, it can 
respond to various pumps and is a liquid and non-contact. And since it is external installation, it is durable, and installation is 



easy, and a maintenance is easy. 
[0014] 

[Means for Solving the Problem] Invention of claim 1 is the cellular detection approach of the liquid pump characterized by to 
send out the liquid absorbed from the suction pipe to a discharge tube, to send a supersonic wave into the liquid breathed out by 
the discharge tube in the liquid pump which moreover carries out fluid lubrication of between body of revolution and main shafts 
using this liquid, to reoeive the supersonic wave which has passed this liquid, and to detect gassing in a liquid by attenuation of 
the receiving reinforcement of a supersonic wave. 

[0015] Invention of olaim 2 is the malfunction detection approach of a liquid pump of reporting having detected air bubbles having 
been generated in the liquid by the cellular detection approach according to claim 1, and abnormalities having occurred on the 
liquid pump by this cellular detection. 

[0016] In the liquid pump which invention of claim 3 sends out the liquid absorbed from the suction pipe to a discharge tube, and 
moreover carries out fluid lubrication of between body of revolution and main shafts using this liquid The ultrasonic transmitter 
and ultrasonic receiver which are arranged by the discharge tube near the delivery of a liquid pump, When it consists of detection 
control circuits which receive the supersonic wave which was discharged from the ultrasonic transmitter and has passed through 
the inside of a liquid with an ultrasonic receiver, and detect receiving reinforcement and receiving reinforcement declines, it is 
cellular detection equipment of the liquid pump characterized by detecting gassing in a liquid. 

[0017] Invention of claim 4 is cellular detection equipment of the liquid pump according to claim 3 which carries out opposite 
arrangement on both sides of the liquid which flows said ultrasonic transmitter and ultrasonic receiver. 

[0018] Invention of claim 5 is cellular detection equipment of the liquid pump according to claim 3 which arranges said ultrasonic 
transmitter and ultrasonic receiver to the same side to the flowing liquid. 

[0019] Invention of claim 6 is malfunction detection equipment of the liquid pump characterized by including the alarm circuit 
which reports the abnormal occurrence of a liquid pump through cellular detection in said detection control circuit in cellular 
detection equipment according to claim 3, 4, or 5. 
[0020] 

[Embodiment of the Invention] Below, according to the drawing which attaches the malfunction detection approach of the liquid 
pump concerning this invention, and the operation gestalt of the equipment, it explains at a detail. 

[0021] Drawing 1 is the block diagram of the pump system which attached the malfunction detection equipment of the liquid 
pump concerning this invention. The liquid pump 2 was infixed between the suction pipe 4 and the discharge tube 6, absorbed 
Liquid L from arrow-head a, and has sent it out in the direction of arrow-head b. Liquid pump malfunction detection equipment 8 
is attached in the discharge tube 6. 

[0022] This malfunction detection equipment 8 attaches an adapter 10 in a discharge tube 6, carries out opposite arrangement of 
the ultrasonic transmitter 12 and the ultrasonic receiver 14, and is constituted by this adapter 10. Moreover, the ultrasonic 
transmitting-and-receiving machine which unified the ultrasonic transmitter 12 and the ultrasonic receiver 14 may be attached in 
an adapter 10. In this case, it means that the ultrasonic transmitter and the ultrasonic receiver were arranged to the liquid style 
at the same side. The dispatch reception control of the ultrasonic signal is carried out by the detection control cirouit C. 
[0023] Next, the case where air bubbles B are generated is explained to a liquid pump system. At the time of starting of the liquid 
pump 2, it is easy to mix air into a liquid from a feed hopper, and the air bubbles B of air are absorbed by the liquid pump 2 from a 
suction pipe 4 with Liquid L. It is temporary, and since these air bubbles B are not based on the abnormalities of the liquid pump 
2. if the flow fed from a discharge tube 6 becomes a steady flow, they will be lost automatically, and there are comparatively few 
harm operations over bearing. 

[0024] The air bubbles which pose a problem are air bubbles continuously generated a feed hopper, continuous gassing by the 
abnormalities of a suction pipe 4, and inside the liquid pump 2. Such air bubbles are continuously absorbed by the minute gap 
section between the body of revolution and the main shafts which were mentioned above (bearing), and the probability which 
intercepts the ** style which piles up there and flows bearing becomes high rapidly. Gassing by the autolysis of cavitation or a 
liquid can be considered to the cause of gassing in the interior of the liquid pump 2. 

[0025] It piles up in bearing whioh has air bubbles between a main shaft and body of revolution, and if the ** style which flows 
bearing is intercepted, the fluid lubrication of bearing breaks, and it becomes semisolid lubrication and solid lubrication, and will be 
in a fault heating condition by frictional heating. This fault heating condition heats superfluously the liquid which should be 
conveyed at constant temperature, or induces failure of a liquid pump, and damages a liquid pump in many cases. 
[0026] Drawi ng 2 is the explanatory view of the cause of attenuation of the supersonic wave in opposite arrangement of an 
ultrasonic transmitting-and-receiving machine. The foaming plate 18 is arranged at the bottom of a container 16, and air bubbles 
B are generated in Liquid L. A supersonic wave 20 is discharged from the ultrasonic transmitter 12 to these air bubbles B. A 
supersonic wave 20 causes dispersion 22 and reflection 24 with air bubbles B, and declines, and a residual supersonic wave 
penetrates it. This transparency supersonic wave 26 is detected by the ultrasonic receiver 14. 

[0027] If opposite distance of the ultrasonic transmitter 12 and the ultrasonic receiver 14 is set to D and the ultrasonic rate of a 
liquid is set to V, the time amount t by which the transparency supersonic wave 26 is received after discharge will be given by 
t=D/V. Therefore, if the signal of the ultrasonic receiver 14 is detected in the detection oontrol circuit C, reception of the 
transparency supersonic wave 26 will begin from the time of day of t=D/V. If this received supersonic wave is measured, the 
receiving reinforcement at the time of foaming should be carrying out considerable extent attenuation from the receiving 
reinforcement at the time of no foaming. Attenuation of this receiving reinforcement will be measured and air bubbles B will be 
detected. 

[0028] Drawin g 3 is the expansion outline sectional view of a liquid pump. The liquid pump 2 is constituted in the front casing 30 
unified with the closure plate 44, and the rear casing 46. The intake carrier flange 32 which has inlet port 34 is connected with 
suction pipe flange 4a, and is oonnected to a suction pipe 4, The regurgitation carrier flange 36 which has a delivery 38 is 
connected with discharge-tube flange 6a, and is connected to a discharge tube 6. 

[0029] In the front casing 30, the drive side bearing bracket 42 is supported by support plates 40 and 40, and the commutator 
side bearing bracket 48 is formed in the rear casing 46. The main shaft 50 is having both ends supported by a drive side bearing 
bracket 42 and the commutator side bearing bracket 48. This main shaft 50 consists of a main shaft head 50, main shaft pars 



intermedia 50b, and main shaft body 50a, and is arranged in the fixed condition between both the brackets 42 and 48. 
[0030] Fitting of the rotation of the magnet lining 54 which constitutes the body of revolution mentioned above is made free to 
the periphery of a main shaft 50, and the impeller 52 for feeding is constituted by this magnet lining 54 at one. The inner magnet 
56 is fixed in the magnet lining 54, and inner fitting of the front bearing 64 is carried out to the inner circumference section 62 
again. That is, outer fitting of the front bearing 64 is carried out to the periphery of main shaft body 50a, and it is constituted. 
[0031] The minute gap section 63 is formed between the front bearing 64 and main shaft body 50a, fluid lubrication of the ** 
style of a transportation liquid is flowed and carried out to this minute gap section 63, and the front bearing 64 can carry out 
continuation rotation of the periphery of main shaft body 50a smoothly. 

[0032] The outer magnet 58 is arranged at the periphery of the rear casing 46, and it is constituted so that drive rotation may be 
carried out by the drive rolling mechanism 60. This outer magnet 58 and said inner magnet 56 counter, and both the magnets 56 
and 58 are set as antipole nature. Therefore, the magnetic attraction acts on both. It is constituted so that the inner magnet 56 
may rotate in the outer magnet 58 and this direction by the magnetic attraction. 

[0033] Next, actuation of this liquid pump 2 is explained. If the outer magnet 58 is rotated in the direction of arrow-head c by the 
drive rolling mechanism 60, the magnet lining 54 which has the inner magnet 56 will rotate by the magnetic attraction in the 
direction of arrow-head d with an impeller 52. 

[0034] A liquid is attracted in the direction of arrow-head e from arrow-head a by rotation of an impeller 52, and the liquid sent 
out in the direction of arrow-head f from the impeller 52 is fed in the direction of arrow-head b in a discharge tube 6. However, 
some liquids flow out of an impeller 52 also in tho direction of arrow-head j, and it is fed back in the direction of arrow-head k. 
[0035] After especially the liquid that flowed out in the direction of arrow-head g bypasses the back of the magnet lining 54 and 
flows the minute gap section 63 in the direction of arrow-head h, it is fed back to an impeller 52 in the direction of arrow-head i. 
The flow of the direction of arrow-head h is the ** style of bearing mentioned above. If this ** style is flowing appropriately, fluid 
lubrication of the minute gap section 63 is carried out proper, and the magnet lining 54 can continue rotation to stability, without 
carrying out abnormality generation of heat of the periphery of main shaft body 50a. 

[0036] However, if air bubbles B flow in in the direction of arrow-head g, various problems will arise. Although air bubbles B may 
be introduced from a suction pipe 4 as mentioned above, air bubbles B are generated by cavitation or the decomposition reaction 
of a liquid also in a liquid pump. These air bubbles B ride in the style of feedback, flow from arrow-head g, and circulate the 
minute gap section 63. 

[0037] Air bubbles B have the property which blocks a narrow duct. If these air bubbles B pile up in the minute gap seotion 63 
and intercept a ** style, the fluid lubrication of the minute gap section 63 will be torn, and the condition of solid lubrication or 
semisolid lubrication will appear. Frictional heat occurs rapidly, and moreover, since this generating heat acts locally, it carries 
out fusion fracture of that part, and makes the liquid pump 2 result in damage and destruction in the minute gap seotion 63. 
[0038] In order to prevent such damage beforehand, cellular detection equipment 8 is attached in a discharge tube 6, attenuation 
of the receiving reinforcement of a transparency supersonic wave detects gassing, an alarm is generated, and the abnormalities 
of a liquid pump are reported. 

[0039] Drawing 4 is the explanatory view of the cellular detection with the ultrasonic transmitting-and-receiving machine which 
unified the ultrasonic transmitter and the ultrasonic receiver. The ultrasonic transmitting-and-receiving machine 13 is arranged 
at the end of a container 16. The ultrasonic transmitting-and-receiving machine 13 is the sensor which unified the ultrasonic 
transmitter 12 and the ultrasonic receiver 14, and while it sends a supersonic wave, it can receive a supersonic wave. Although 
the vibration frequency of the supersonic wave to be used is 1MHz, this vibration frequency can be set up free. 
[0040] When this ultrasonic transmitting-and-receiving machine 13 is used, the ultrasonic transmitter 12 and the ultrasonic 
receiver 14 will be arranged to a liquid style at the same side. The supersonic wave discharged by the ultrasonic transmitter 12 
goes and comes back to the diameter distance D of a container, and is received by the ultrasonic receiver 14. In this case, since 
a supersonic wave receives attenuation with air bubbles B in process of a round trip, its attenuation is larger than the one-way 
receiving reinforcement of drawin g 2 , and the precision of cellular detection becomes high. 

[0041] Drawing 5 is the comparison Fig, of receiving reinforcement in case there is nothing with the case where there are air 
bubbles. Since 30.7cm and the ultrasonic rate V of the diameter distance D of a container are 1 500 m/ s, time of delivery t is 
given by t=2D / V= 2x0.307 / 1500= 410 (microsecond). Therefore, the receiving reinforcement 410 microseconds after 
ultrasonic discharge is measured, and existence or nonexistence are detected for air bubbles. 

[0042] (a) shows receiving reinforcement in case there are no air bubbles, and it becomes and it is understood [ ****-p=0.3-0.4 
(V) or] are large. On the other hand, (b) shows receiving reinforcement in case there are air bubbles, and becomes quite small 
with ****-p=0.2-0.1(V). When air bubbles exist, it turns out that receiving reinforcement is decreased to one half. It reports that 
detected generating of air bubbles and abnormalities occurred on the liquid pump 2 by this attenuation. 

[0043] Drawing 6 is the explanatory view of the cellular detection using a reflective supersonic wave. Since the foam maker 18 is 
installed in the center of a container 16, the distance d to air bubbles is given by d=D/2. Therefore, since it is d= 15cm, if time of 
delivery t is given and calculated by t=2 d/V, it will be set to t= 400 (microsecond). Ultrasonic vibration frequency is 1MHz. 
[0044] Drawing 7 is the comparison Fig. of the receiving reinforcement by the reflective supersonic wave in oase there is nothing 
with the case where there are air bubbles. The case where (a) does not have air bubbles is shown and (b) shows the oase where 
there are air bubbles. The unit of receiving reinforcement is mV and is in the inclination for receiving reinforcement to become 
small at the whole as compared with the transparency supersonic wave of drawing 4 . As long as it judges by drawing 7 . the 
difference which was so much conspicuous about the receiving reinforcement of (a) and (b) is not seen. 

[0045] Drawing 8 is the detection wave form chart of a difference signal in case there are not a case where there are air bubbles, 
and air bubbles. Although signal strength becomes still smaller since it is a difference signal, it turns out that the reflected wave 
by air bubbles is clearly detected per mV. Therefore, even if it uses a reflective supersonic wave, it becomes possible to detect 
air bubbles like a transparency supersonic wave. 

[0046] Drawing 9 is plant layout drawing which investigates the effect of the mechanical vibration given to the receiving 
reinforcement of a supersonic wave. Opposite arrangement of the ultrasonic transmitter 12 and the ultrasonic receiver 14 is 
oarried out at a container 16. The diaphragm 70 is arranged in the bottom plate inferior surface of tongue of a container 16. The 
ultrasonic receiver 14 receives the mechanical vibration wave by the diaphragm with a transparency supersonic wave. The 



ultrasonic vibration frequency f is 1 MHz. 

[0047] Drawing 10 is a detection wave form chart in case the vibration frequency of a diaphragm is dozens of kHz or less. Sinoe 
it is the configuration of detecting the one-way transmitted wave of a supersonic wave, time of delivery t is given by t=D/V, and 
is set to t= 205 (microsecond). Although a received wave is observed to the field exceeding about 200 microseconds, this wave is 
a received wave of a supersonic wave. Sinoe the mechanical vibration wave by the diaphragm 70 is not observed, it turns out 
that, as for mechanical vibration, the frequency of mechanical vibration does not affect it at ail below dozens of kHz at cellular 
detection. 

[0048] Drawing 1 1 is a detection wave form chart in case the vibration frequency of a diaphragm is 800kHz. Since the vibration 
frequency of a diaphragm is 800kHz, the ultrasonic vibration frequency of 1MHz is approached considerably. Consequently, a 
noise is observed through a total time field and a noise wave can understand clearly especially in 200 or less microseconds. A 
paddle and this noise wave have come [ carry out and ] to affect the received wave of a supersonic wave. 
[0049] As mentioned above, the method of attaching a sway sensor in the case of a liquid pump, and detecting oscillating 
abnormalities also conventionally, existed. By this conventional approach, a cellular vibration and environmental mechanical 
vibration were undistinguishable. However, sinoe this invention approach is using the supersonic wave of high vibration frequency, 
it has sucoeeded in separating clearly the mechanical vibration resulting from an environment, and supersonic vibration. 
[0050] The actual condition is that the vibration frequency of the mechanical vibration resulting from an environment is also 
distributed broadly. When the number of mechanical vibration approaches ultrasonic vibration frequency considerably, it has 
considerable effect on the receiving reinforcement of a supersonic wave. In such a case, in this invention, it oan respond by 
changing the vibration frequenoy of a supersonic wave. Since the vibration frequency of a supersonic wave can be set up free, it 
can ensure cellular detection using the band of the ultrasonic vibration frequency according to environmental vibration frequency. 

[0051] Drawing 12 is an example of the flow chart of a detection control oircuit. The ultrasonio signal V is received at step n1. If 
this input signal V is zero, it will be judged as what had a signal in nl when return and V were forward, and will progress to n3 
(n2). The marginal reinforoement V0 is set as Signal V. and deltaV=V-V0 is calculated. If larger than this marginal reinforcement 
V0, there will be no air bubbles, and if it is below marginal reinforcement, there shall be air bubbles. With [ deltaV ] zero [ more 
than ], it is judged as a thing without air bubbles, and returns to n1 (n4). If daltaV is negative, it will judge that there are air 
bubbles, and an alarm is reported (n5), and a liquid pump is stopped (n6). 

[0052] This invention is not limited to the above-mentioned example, and it does not have that it is what includes the various 
modifications in the range whioh does not deviate from the technical thought of this invention, a design change, otc. within the 
technical limits also until it says. 
[0053] 

[Effect of the Invention] According to invention of claim 1. air bubbles are certainly detectable from attenuation of the reoeiving 
reinforcement of a supersonic wave. And by setting up ultrasonic vibration frequency appropriately, a shimmy and gassing are 
clearly distinguishable. 

[0054] According to invention of claim 2, it can report that abnormalities occurred on the liquid pump by detecting air bubbles. 
Since generating of air bubbles destroys the fluid lubrication of a liquid pump, it detects gassing, prevents damage on a liquid 
pump beforehand, and can attain the reinforcement of a liquid pump. 

[0055] According to invention of claim 3, since air bubbles are detectable only by arranging an ultrasonic transmitting-and- 
receiving machine in the exterior of a liquid pump or a discharge tube, it can respond to various liquid pumps by the same sensor, 
and it can attach easily, without moreover making a liquid contact. Consequently, the endurance of cellular detection equipment 
is high and can also make a maintenance easy. 

[0056] According to invention of claim 4, since opposite arrangement of an ultrasonic transmitter and the ultrasonic receiver is 
carried out and cellular detection equipment is constituted, coarse signals, such as a reflected wave and a scattered wave, 
cannot go into an ultrasonic receiver easily, and air bubbles can be detected with high precision. 

[0057] According to invention of claim 5, since the ultrasonic transmitting-and-receiving machine which unified the ultrasonio 
transmitter and the ultrasonio receiver is used, the configuration of equipment becomes easy and a maintenance becomes easy 
at the attachment to the liquid pump pipe line, removal, and a list. 

[0058] According to invention of claim 6, since the alarm circuit was included in the detection control oircuit, if air bubbles are 
detected, it can report that abnormalities occurred on the liquid pump, or that possibility that abnormalities will occur is high, the 
maintenance of a liquid pump is made easy, and the reinforcement of a liquid pump can be attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the pump system which attached the malfunction detection equipment of the liquid pump 
concerning this invention. 

[Drawin g 2] It is the explanatory view of the cause of attenuation of the supersonic wave in opposite arrangement of an 
ultrasonic transmitting-and-receiving machine. 

[ Drawing 31 It is the expansion outline sectional view of a liquid pump. 

[Drawing 41 It is the explanatory view of the cellular detection with the ultrasonio transmitting-and-receiving machine which 
unified the ultrasonic transmitter and the ultrasonic receiver. 

[ Drawin g 51 It is the comparison Fig. of reoeiving reinforcement in case there is nothing with the case where there are air 
bubbles. 

[Drawing 6] It is the explanatory view of the cellular detection using a reflective supersonic wave. 

[Drawing 7] It is the comparison Fig. of the receiving reinforcement by the reflective supersonic wave in case there is nothing 
with the case where there are air bubbles. 

[Dra.wing.8l It is the deteotion wave form chart of a difference signal in case there are not a case where there are air bubbles, 
and air bubbles. 

[Drawing 91 It is plant layout drawing which investigates the effect of the mechanical vibration given to the receiving 
reinforcement of a supersonic wave. 

[ Drawin g 10] It is a detection wave form chart in case the vibration frequency of a diaphragm is dozens of kHz or less. 
[Drawing 1 1] It is a detection wave form chart in oase the vibration frequency of a diaphragm is 800kHz, 
[Drawing 12] It is an example of the flow chart of a detection control circuit. 
[Description of Notations] 

In 2, a liquid pump and 4 a suction pipe flange and 6 for a suction pipe and 4a A discharge tube, In 6a, a disoharge-tube flange 
and 8 an adapter and 12 for malfunction detection equipment and 10 An ultrasonic transmitter, In 13, an ultrasonic transmitting- 
and-receiving machine and 14 a container and 18 for an ultrasonic receiver and 16 A foaming plate. In 20, a supersonic wave and 
22 a reflective supersonio wave and 26 for a dispersion supersonic wave and 24 A transparency supersonic wave, 30 an intake 
carrier flange and 34 for front casing and 32 Inlet port, In 36, a regurgitation carrier flange and 38 a support plate and 42 for a 
delivery and 40 A drive side bearing bracket. 44 rear casing and 48 for a closure plate and 46 A commutator side bearing bracket, 
In 50, a main shaft and 50a main shaft pars intermedia and 50c for a main shaft body and 50b A main shaft head. 52 magnet lining 
and 56 for an impeller and 54 An inner magnet, 58 — an outer magnet and 60 — a rotation drive and 62 — the inner 
circumference section and 63 — the minute gap section and 64 — front bearing and 66 — a rear bearing and 68 — a rear thrust 
and 70 — a diaphragm and B — air bubbles and D — distance and L — a liquid. 
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